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Abstract 
As a contribution to the long-term emergence studies carried out as part of the "Breitenbach 
ecosystem project", this paper presents the results obtained on emergence patterns and popula- 
tion dynamics of blackflies from 1984 to 1988. The Breitenbach is a small first order stream 
near Schlitz/Hesse, running into the Fulda river. Adult blackflies were caught in 4 greenhouse 
emergence traps, each spanning the whole width of the stream for a length of 6 m. A manual 
and then a partly automated method for collecting trapped insects was applied for three years 
and one year, respectively. Sixteen blackfly-species of different origin were found in the traps: 
a) autochthonous species: Prosimulium tomosvaryi, Simulium vernum s.l., S. cryophilum s.l., 
S. ornatum s.1. (common); S. costatum, S. trifasciatum, S. monticola, S. argyreatum (rare); b) 
species of doubtful origin: S. lundstromi, S. angustitarse, S.angustipes, S.aureum (very rare); 
c) allochthonous species: S. lineatum, S. equinum, S. erythrocephalum, S. noelIeri. It was 
shown that he last 4 species had not emerged from the Breitenbach but had flown into the traps 
as adults. In addition, females of autochthonous species with blood or with mature ggs were 
trapped, which were also considered to have flown in. Besides revealing alimitation of the trap 
construction, they supported the detailed interpretation f some intricated patterns of appear- 
ance. Variations in emergence patterns and specimen umbers between years and traps were 
pronounced, but only in a few cases could they be attributed to changes in abiotic factors uch 
as water temperature ordischarge. R tomosvaryi had the most simple and regular life cycle, 
with one well synchronised mergence peak annually from April to May (or even to June). No 
gradient of specimen umbers along the stream was evident. The two closely related species 
S. vernum and S. cryophiIum had quite similar emergence patterns: There were two broad 
peaks per year, extending mainly from March to June and from July to October or November. 
In some cases the number and separation of consecutive generations was not clear. The abun- 
dance of both species clearly decreased downstream, ore so for S. cryophilum than for S. ver- 
num. In a trap closest o a tributary spring, S. cryophilum was the dominant species during 
three of the four years examined. The adults of S. ornatum displayed an intricate pattern of ap- 
pearance, with very low specimen umbers in spring and medium to very high numbers in 
July/August and September/October. S. ornatum is the only blackfly species that inhabits both 
the Breitenbach and the adjacent section of the Fulda river. It was shown that females emerging 
from the Fulda river regularly invade the Breitenbach valley in greatly varying numbers and 
oviposit here. This leads to overlapping larval cohorts with corresponding emergence peaks. 
Although S. omatum was the most abundant species in one year in the lower traps (60 to 80% 
of all individuals), it remains uncertain whether it is a long-term, permanent member of the au- 
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tochthonous blackfly fauna of the Breitenbach. Estimates of total numbers of flown-in adults, 
actual emergence, dry weight biomass, the ecological separation of the species and their life 
cycle strategies are discussed. 
Key words: Stream - insects - blackflies - adults - capture methods - emergence patterns - 
population dynamics 
1. Introduction 
The Breitenbach and its running water biocoenoses have 
been investigated since the early 1960s. The stream was 
selected as the subject of intensive research, leading to 
the "Breitenbach ecosystem project", because it is typi- 
cal for the region, a representative of many other small 
running waters, and the human impact is limited (R 
ZWICK 1993, 1998). Running through a narrow valley 
partly occupied by pastures and meadows, the Breiten- 
bach could also be compared with a nearby woodland 
stream (Rohrwiesenbach). 
In 1969, J. ILLmS began his long-term studies on the 
biodiversity and secondary production of small streams 
using conventional greenhouses a traps for insect emer- 
gence at the Breitenbach (ILLmS 1971). The abundance, 
dry weight and population dynamics of a number of in- 
sect orders and families (Ephemeroptera, Plecoptera, 
Trichoptera, Chironomidae, Ceratopogonidae, Empidi- 
dae, Psychodidae and others) caught in several traps 
along the Breitenbach, the Rohrwiesenbach and their 
springs were investigated over a number of years (e.g. 
ILLIES 1974, 1978, 1979, 1982; R~NGE 1974; G~MBEL 
1976; SANDROCK 1978; ULLRICH 1978; WAGNER 1980; 
WAGNER et al. 2000). 
The Simuliidae were not studied in detail, although 
they were among the five quantitatively most important 
groups (ILLIES 1983). This was partly due to taxonomic 
problems and partly to the small size of blackflies. The 
preconditions for investigating Central European black- 
flies and their emergence improved greatly after H. 
ZWlCK (1974, 1976, 1986, 1987b, 1993, 1995; H. ZWlCK 
& CROSSKEY 1981; H. Zw~cK & RI~HM 1973) had solved 
many of the numerous taxonomic and nomenclatural 
problems and had developed i entification keys for the 
Breitenbach species (H. ZWICK, unpubl.). 
Since 1984, studies on the Breitenbach ecosystem have 
been intensified and have focused more and more on the 
aquatic stages of insects and other groups of organisms. 
They have aimed at the recording of as many elements of 
the biocoenosis as possible and have initiated the analysis 
of fluxes of energy and organic matter. For this, detailed 
data on the occurrence, abundance and dynamics of the 
blackfly species of the Breitenbach were required. 
Investigating adult insects freshly emerged from the 
stream and captured in emergence traps offers specific 
advantages: 
a) In many insect orders, adults and especially males 
are most suitable for species identification; thus emer- 
gence captures result in reliable data on species compo- 
sition, distribution and community structure. 
b) Traps with a defined base area give a quantitative 
relation to a spatial parameter; traps covering the whole 
width of a stream capture individuals from all running 
water habitats and substratum types. 
c) Samples from large traps may reflect he commu- 
nity quantitatively and invariably ield rare species. 
Being vectors of onchocerciasis, the adults of several 
tropical species together with their emergence, flight and 
biting activities have been studied in detail, while most 
investigations on European blackflies have focused on 
the aquatic stages. In many faunistic and ecological 
studies, the adult emergence periods have been inferred 
indirectly from the occurrence of pupae. The present 
study thus aimed also at increasing the limited knowl- 
edge of the emergence phenology of some Central Euro- 
pean blackfly species. It describes in detail the marked 
variations in adult abundance over several years and 
along the length of the stream in the sense of the "vari- 
ance" approach of RESH & ROSENBERG (1989). 
2. Study Site and Methods 
• Study Site 
Only a brief description of the study area, the Breiten- 
bach stream, is given here because it has already been 
described and illustrated several times, e.g. by ILLIES 
(1971), MARXSEN (1980), R ZWlCK (1984), Cox (1990), 
KOCH (1991) and WAGNER et al. (1994). The Breiten- 
bach runs in a northwest (upper section) and west (lower 
section) direction through sandstone hills in central Ger- 
many. After about 4 km, it flows into the Fulda river at 
an elevation of 220 m a.s.1. More than 90% of the catch- 
ment area of 8.5 km 2 is forested. The narrow valley bot- 
tom consists mainly of meadows and pastures. A tribu- 
tary spring with a considerable discharge divides the 
stream into an upper and a lower section, each about 
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2 km in length. Over the course of a year, the tributary 
spring contributes about half of the discharge in the 
lower stream section and thus greatly influences the 
temperature r gime (R Zw~cK 1984). In dry years parts 
of the upper section may dry out during late summer and 
autumn. Except during periods of flooding, the stream is 
0.5 to 1.5 m wide and 5 to 40 cm deep. Water tempera- 
tures range from 2 to 15 °C and typical discharges inthe 
lower 2 km of the stream are 5 to 15 1/s. Current veloci- 
ties of 1.5 to 100 cm/s have been measured with a medi- 
an of approximately 25cm/s in the middle of the stream. 
The stream bottom is covered mainly with stones, peb- 
bles and sand. In the open valley, submerged and emer- 
gent macrophytes and marginal vegetation are frequent 
and offer numerous trailing leaves as substrata for the 
aquatic stages of blackflies. 
• Metheds  
Adult insects emerging from the stream were trapped in 
modified greenhouses covering the whole width of the 
water surface and the two banks along a stream length of 
6 m. The water surface area covered by a trap varied 
with the water level and was estimated tobe about 5 m 2 
(LLmS 1982, 1983). With a ridge height of 2.3 m, the 
traps could be entered by members of the scientific staff 
who collected and preserved the insects that congregated 
under the glass roof and along the side screens. The ani- 
mals were sucked into a glass vessel partially filled with 
85% ethanol by means of portable electric vacuum 
cleaners. In some cases, this mode of collecting led to 
damage to the insects (loss of legs, wings, heads, geni- 
talia, hairs etc.). Sampling was done in the morning be- 
tween 8 a.m. and 1 p.m., daily during the seasons of con- 
siderable mergence (mainly April to October) and three 
or two times a week during the colder seasons. A varying 
number (1 to 7) of these traps was operated at different 
sites along the lower 2 km section of the Breitenbach 
from 1969 to 1986. The design and operation of the traps 
as well as the limitations of this sampling method have 
previously been described in detail (e.g. ILLIES 1971, 
1983; RINOE 1974; SANDkOCK 1978; REDELBACH 1994; 
MARTEN & P. ZWICK 1999). 
To avoid damage to the insects and other problems 
and to save collection time, the remaining four traps 
were modified for semi-automatic sampling in the win- 
ter 1986/87. In each greenhouse a wooden frame was in- 
stalled above the stream. The frame was covered with 
gauze (mesh size 1 mm) and resembled an asymmetric 
tent (Fig. 1). One longitudinal side of this tent stood ver- 
tically, the other one sloped at about 45 °. The vertical 
side was always oriented towards the south or south- 
west. At the top of the vertical side a slit was left along 
the whole length of the tent. The freshly emerged insects 
were attracted tothe sunlight and could leave the tent by 
flying or crawling through the slit into the actual collect- 
ing device. This consisted of a long plastic trough (width 
about 8 cm) positioned on the outer side of the vertical 
tent wall, immediately below the slit. Inclined remov- 
able plexiglas creens covered the slit and trough so that 
insects trying to fly towards the light fell into the trough 
(Fig. 1; see also MARTEN & R ZWICK 1999). Most insects 
reached the trough within a few minutes of emergence 
from the stream. This was deduced from the fact that he 
cuticle of most of the captured insects was pale, weak 
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Fig. 1. Schematic drawing of the cross-sec- 
tion of a semi-automatic emergence trap 
used in 1988; not scaled, actual collecting de- 
vice enlarged. 
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and only slightly sclerotized, and could also be con- 
firmed by qualitative observations in the field. The 
trough was partially filled with a weak formaldehyde so- 
lution. The preservative with dead insects was poured 
through an opening at the lower end of the trough and 
over a sieve below. Insects sticking to the trough walls 
were picked. Specimens were transferred to 70% 
ethanol for storage and determination. Captured insects 
were collected from the trough in the morning three 
times a week during the warmer half-year and two times 
a week during the colder half-year. 
For sealing the stream in- and outlets of the green- 
houses, white or transparent plastic sheets were hung 
from the bases of the gable walls to below the water sur- 
face. Because the sheets could be damaged by solar UV- 
radiation or by the steady mechanical stress from the 
current, especially when discharge was high, and the 
stream bank could be altered by flooding, a permanent 
and complete sealing of the traps was not possible. 
The blackflies were counted and determined using the 
keys and descriptions of KNOZ (1965), DAVIES (1966, 
1968) and H. ZWICK (1974 and unpubl, keys). Nomen- 
clature follows CROSSKEY & HOWARD (1997). The taxa 
S. vernum, S. cryophilum and S. ornatum are species 
complexes according to CROSSKEY & HOWARD (1997) 
and are always used sensu lato in the present paper. Due 
to the high numbers of individuals to be determined, 
slide preparations of genitalia or other relevant parts 
could only be made in very rare cases. The vast majority 
of the specimens were determined under the stereo-mi- 
croscope at magnifications of 20 to 100 times. Thus, 
identification to species level was slightly uncertain in 
some cases. Another eason for uncertainties was dam- 
age or incomplete hardening or darkening of the scle- 
rites used for identification. Bearing in mind that there 
are basic (variation of characters, rare distinct disconti- 
nuities) and unsolved (definition and separation of 
"good" biological species by morphological means) tax- 
onomic problems, males and a few females were deter- 
mined to species level. Females of the Simulium (Never- 
mannia) vernum-group, the Simulium (Simulium) orna- 
turn-group (cf. JEDLI~KA 1978b) and the subgenus Eu- 
simulium could only be identified to species-group level. 
Females of Prosimulium could be indirectly determined 
to species level because the identification of large num- 
bers of males and pupae showed that only one species of 
this genus was present in the Breitenbach. 
Females were separated into three groups according 
to the characters given in Table 1. Reliable criteria or 
characters for the separation of the older females proba- 
bly contained in the "young" group (a and b in Table 1) 
could be not found, especially for the "vacuum"-sam- 
ples collected before 1987, because some of the females 
in these samples could have lived in the traps for up to 
24 hours (or more), due to the collecting routine. 
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In the present study, the complete sets of samples 
from 5 permanent emergence traps ("ET.") named "A", 
"B", "C", "E", and "G" from the year 1984, one trap (A) 
from the years 1985 and 1986, respectively, and four 
traps (A, B, E, G) from 1988 were evaluated (Tables 2 
and 3). Trap C is located only 154 m below trap B and 
the stream bottom was artificially silted for special in- 
vestigations (WAGNER 1989). Because it was no longer 
operated after 1984, only some special results from this 
trap are reported here. The complete set of samples 
gained in one trap during one year is here called a "trap- 
year". Because some trap-years consisted of more than 
200 samples in 1984-1986, the specimen umbers from 
Table 1. Groups of females and the characters by which they were 
separated. 
Group Subgroup Character Age/Status 
"young" abdomen slender, more freshly 
or less empty emerged 
probably also some 
individuals with: 
a) abdomen slightly swollen, several days 
blood digested, eggs not 
fully developed 
b) abdomen darker, empty several days, 
(after oviposition) parous 
"old . . . .  freshly abdomen swollen, fil led probably about 
fed" with amorphous red to one day or older 
violett content (recently 
imbibed blood from a host) 
"gravid" abdomen swollen, contours severaldays 
of eggs clearly visible from 
outside 
Table 2. Positions and distances between the emergence traps 
along the lower 2 km of the Breitenbach, given in metres of flow dis- 
tance; for a map of the study area see e.g. R ZWICK (1984, 1990) and 
WAGNER et al. (1994). 
Flow metres Distance to 
tributary 
spring mouth 
Distance Distance 
to lower between 
trap B and E 
Tributary spring 0 2070 
Confluence with 25 2045 
upper section 
Trap A (centre) 99 1971 
Trap B (centre) 651 1419 
Trap C (centre) 805 1265 
Trap E (centre) 1094 976 
Trap G (centre) 1871 199 
Mouth 2070 0 
552 
154 
289 
777 
443 
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Table 3. Percentage composition of the Breitenbach blackfly community in different traps and years, calculated from the numbers of the 
the Breitenbach; D - dominant and regularly found species. 
Percentage of species (males) Year: 1984 
Trap: A B C E G 
Autochthonous pecies: 
Prosirnulium (Prosimulium) tomosvary/(ENDERLEIN, 1921) M, P, D 52.23 
Simulium (Nevermannia) vemum MACQUART, 1826 (complex) M, P, D 19.76 
Simulium (Nevermannia) cryophilum (RuBTZOV, 1959) (complex) M, P, D 11.91 
Simulium (Nevermannia) costatum FRIEDERICHS, 1920 M - 
Simulium (Simulium) omatum MEIGEN, 1818 (complex) M, P, D 12.96 
Simulium (Simulium) trifasciatum CURTIS, 1839 M, P 0.39 
Simulium (Simulium) argyreatum MEIGEN, 1838 M, P - 
Simulium (Simulium) montico/a FRIEDERICHS, 1920 M - 
Species of uncertain origin: 
Simulium (Nevermannia) ngustitarse (LUNDSTROM, 1911) M - 
Sirnufium (Nevermannia) lundstromi (ENDERLEIN, 1921) M - 
Simulium (Eusimufium) angustipes EDWARDS, 1915 M - 
Simulium (Eusimulium) aureum FRIES, 1824 M - 
AIIochthonous pecies 
Simufium (Simufium) noefleri FRIEDERICHS, 1920 M, P 
Simulium (Wilhelmia) lineatum (MEIGEN, 1804) M 
Simulium (Wilhelmia) equfl~um (LINNAEUS, 1758) M 
Simufium (Boophthora) erythrocephalum (DE GEER, 1776) M 
All autochthonous and "uncertain" species 
All allocbthonous pecies 
Total 
Number of all males (=100%) 
Number of all trapped individuals 
18.31 2.46 24.20 16.94 
9.52 8.33 7.87 3.15 
10.16 0.43 1.46 0.24 
- O, 11 - 0.06 
61.90 88.46 62.39 65.76 
- - 0.29 - 
- 0.11 - 0.12 
0.06 
0.06 
- - - 2.04 0.30 
1.70 - 0.11 0.87 5.23 
- - - 0.29 0.30 
1.05 0.11 - 0.58 7.79 
97.25 99.89 99.89 96.21 86.39 
2.75 0.11 0.11 3.79 13.61 
100.00 100.00 100.00 100.00 100.00 
764 945 936 343 1682 
1964 2517 2089 832 4299 
Table 4, Calculated or estimated specimen numbers of different groups of the emergence trap catches that had flown into the traps, and estimates 
Line Numbers of individuals 
No. (except for lines 12, 15, 18-20) 
Year: 1984 
Trap: A B C E G 
1 Total of trapped individuals 1964 2517 2089 832 4299 
2 Young autochthonous males 743 944 935 330 1453 
3 Young autochthonous females 926 1255 1084 395 1918 
4 Allochthonous pecies 84 33 18 57 452 
5 Old autochthonous females 211 285 52 50 476 
6 Total of apparently "flown-in" individuals (lines 4+5) 295 318 70 107 928 
7 Young autochth, inds. from periods of pure "flying-in" 18 128 65 29 200 
8 Excess of young autochthonous females 166 186 91 39 276 
9 Additional young autochthonous "flown-in" individuals 78 190 52 35 328 
10 Total of assumed "flown-in" individuals (lines 7 to 9) 262 504 208 103 804 
11 Total of "flown-in" individuals (line 6+10) 557 822 278 210 1732 
12 Percentage of total of "flown-in" inds. in total (line 1) 28.4 32.7 13.3 25.2 40.3 
13 Actual emergence (estimate, individuals/trap) 1407 1695 1811 622 2567 
14 Actual emergence (inds./metre stream length) 235 283 302 104 428 
15 Stream section (flow metres) represented by each trap 350 353 222 533 587 
16 Actual emergence (inds.) from each represented section 82075 99723 67000 55272 251119 
17 Actual emergence (inds./m2 water surface) 28/ 339 362 124 513 
18 Biornass of actual emergence (mg dry weight/m 2) *) 92 111 118 41 168 
19 Biornass of actual emergence (rng dry weight/m 2) **) 178 169 161 67 270 
20 Biomass (mg dry weight) from each repres, section **) 51771 49567 29767 29892 131830 
*) Calculated using data on average individual dry weights obtained from the Breitenbach emergence (LIES 1971;WAGNER 1980). 
**) Calculated using data on specific individual dry weights for Prosimufium spp., S. vemum-gr., S.omatum-gr. (KAZlMiROM~, 1981). 
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males only. Abbreviations: M - species identified from males caught in the traps; P - species identified from pupae sampled from 
1985 1986 1988 
all traps A A A B E G all traps 
20.62 35.92 25.20 30.73 55.26 44.70 83.69 49,12 
8.54 14.82 8.83 25.32 23.47 35.23 4,94 22.64 
4.28 43.16 62.49 40.68 16.21 10.23 3,22 23.10 
0.04 0.11 0.06 . . . . .  
60.64 2.49 1.28 1.11 3.19 3.79 4,72 2.67 
0.09 3.00 - 0.59 1.25 3.03 0.86 1.09 
0.06 0.08 - 0.30 0.56 0.76 1,93 0.65 
- - - 0.15 0.06 - - 0.08 
. . . . . .  0,21 0.03 
0,02 . . . . . . .  
. . . . . .  0,21 0.03 
0.02 . . . . . . .  
0.26  . . . . . . .  
2.25 0.24 0.58 0.89 - 1.14 0.21 0.44 
0.13 0.11 1.45 0.22 - 0.76 - 0.14 
3.04 0.08 0.12 - - 0.38 - 0.03 
94.33 99.58 97.85 98.89 100.00 97.73 99.79 99.40 
5.67 0.42 2.15 1.11 - 2.27 0,21 0.60 
100.00 100.00 100.00 100.00 100.00 100.00 100.00 I00,00 
4670 3772 1722 1347 1598 264 464 3673 
11701 8456 5154 3245 2977 470 998 7690 
of the number and dry weight biomass of blackflies that had actually emerged from the stream under the traps and outside the traps. 
1985 1986 1988 
total A A A B E G total 
11701 8456 5154 3245 2977 470 998 7690 
4405 3756 1685 1332 1598 258 463 3651 
5578 4535 2594 1421 1350 196 500 3467 
644 61 175 49 1 11 2 63 
1074 104 700 443 28 5 33 509 
1718 165 875 492 29 16 35 572 
440 10 613 15 57 5 68 145 
758 770 321 106 0 17 25 148 
683 153 303 304 15 9 9 337 
1881 933 1237 425 72 31 102 630 
3599 1098 2112 917 101 47 137 1202 
30.8 13.0 41.0 28,3 3.4 10.0 13.7 15,6 
8102 7358 3042 2328 2876 423 861 6488 
1226 507 388 479 71 144 
2045 350 464 644 587 2045 
555188 135800 222395 45402 84235 487832 
1472 608 466 575 85 172 
481 199 152 188 28 56 
762 275 226 361 49 137 
292827 65800 139548 26189 66967 298504 
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three consecutive samples had to be pooled into 3-day- 
totals for the illustrations in order to keep the bar signa- 
tures visible. Specimen umbers from 2- and 4-day col- 
lection-periods in 1988 were calculated as numbers per 
day and multiplied into 3-day periods for comparability 
in the illustrations. 
Ectoparasitism of adult flies by larvae of water mites 
(Sperchon setiger, Protzia eximia; ULLRICH 1978) was 
noted and evaluated. But numbers and proportions of 
mites were underestimated to an unknown extent be- 
cause some of them were lost during the sampling and 
processing of blackflies (for details ee ULLRICH 1978; 
CHRISTL 1991; REIDZLBACH 1994). The results on para- 
sitism reported here have thus to be considered as quali- 
tative or may serve to give an order of magnitude. 
3. Results 
In the lower 2 km of the Breitenbach, 7 species were 
identified as males from the emergence traps and as 
pupae collected irectly from the stream CM" and "P" 
in Table 3). An additional 9 species were found only in 
the traps but not as aquatic stages CM" in Table 3). Four 
species were dominant or eudominant in several trap- 
years CD" in Table 3). Less than 10 males of Simulium 
(Nevermannia) costatum and S. (Simulium) monticola 
were determined in all the samples. Only one male from 
each of the species S. (Eusimulium) angustipes, S. (E.) 
aureum, S. (Nevermannia) lundstromi and S. (N.) an- 
gustitarse was found in the complete material of 11 trap- 
years (34,067 individuals in total). 
Specimen umbers of each species, their proportions 
and the totals varied greatly from year to year as well as 
between traps (Tables 3 and 4). In 1984 and 1988 no 
consistent trend along the stream could be detected 
(Table 4, line 1; Fig. 12): The highest numbers were 
sampled in ET.G and ET.B in 1984, while in 1988 trap A 
yielded the maximum numbers. In both years, the speci- 
men numbers were lowest in trap E, reaching only 
19.4% (1984) and 14.5% (1988) of the respective maxi- 
ma. In 1985 and 1986, ET.A, the only trap examined, 
captured exceptionally high numbers: 8456 and 5154 in- 
dividuals, respectively. From 1984 to 1985, blackfly 
numbers in ET.A increased 4.3 times (Table 4, line 1). 
3.1 Prosimulium (Prosimulium) tomosvaryi 
In all trap-years, young adults of P. tomosvaryi emerged 
in one distinct peak from mid April to the end of June 
(Figs. 2 to 11). In the trap-years of 1984-1986, the date 
of the first appearance ofmales differed only by 9 days 
(females: 11 days), and in most cases males appeared 4 
or 5 days earlier than young females. The first males ap- 
peared about a week earlier in 1988 (7 April) than in 
1984 (14 April). There was an indistinct shift to an earli- 
er emergence downstream for all males in 1984 and 
1988. In trap C (sandy substratum, lower current veloci- 
ty, cf. WA6NER 1989), only 81 young individuals were 
caught in 1984, which is less than 10% of the corre- 
sponding number in ET.A (1984:897 specimens). More 
young females (55-76%) than males were found in 
1984-1986. But in 1988, the proportion of young fe- 
males decreased downstream from 55% (ET.A) to 40% 
(ET.E) and the sex ratio was almost balanced in ET.G. In 
addition to the young individuals, there was a proportion 
of 0.4 to 31.1% of old females in the total catch of all 
P. tomosvaryi adults. They were caught in traps B, C, E, 
and G predominantly from the end of May to the end of 
June (in rare cases to the beginning of August), but earli- 
er than this in trap A. The proportions of old females 
were high (22 to 32%) in trap A except for 1985 (2.3%) 
and low (0.4 to 7.1%) in ET.E and ET.G in 1984 and in 
1988. No larval water mites were found on specimens of 
P. tomosvaryi. 
3.2 Simufium (Nevermannia) vernum-group 
Only the males of the three species of this group could 
be identified to species level and these are therefore con- 
sidered separately. 
• Simulium (Nevermannia) vernum, males 
In contrast to P. tomosvaryi, this species (together with 
S. (iV.) ctTophi[um) showed remarkably extended peri- 
ods of emergence, mainly from April to October (Figs. 2 
to 11), but some individuals could be found as early as 
January and as late as November. In all trap-years except 
for ET.A 1984 and ET.G 1988 there was a rather distinct 
peak of emergence in the late summer and autumn, rang- 
ing from July to October. Low specimen umbers were 
"scattered" over the period from January to June, show- 
ing a relatively distinct accumulation ly in trap A 1984 
and 1985 (Figs. 2 and 6). In most rap-years there was a 
short and inconspicuous gap in emergences in June or 
July. In 1984 and 1988, the late summer emergence in
ET.B and ET.E was more synchronized than in ET.A. 
The highest abundances along the stream were found in 
trap A in 1984 and in trap B in 1988. The medians or 
main periods of the late summer peaks appeared 
markedly later in trap A (September/October) than in the 
lower traps B to G (mainly August). 
• SimuIium (Nevermannia) cryophilum, males 
The emergence patterns of S. cryophilum resembled 
those of S. vernum except that more individuals occurred 
in the first six months of the year in trap A (Figs. 2, 6, 7 
and 8). But there was only one distinct but broad spring 
peak in ET.A 1985. Considerably more males of 
S. cryophilum compared to S. vernum were found in 
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Fig. 2. Numbers (n) of 4 species or 
species-groups of blackflies caught in 
emergence trap A (greenhouse cover- 
ing 6 m of stream length) in 1984, 
summarised by 3-day periods. 
S. vemum-group males: hatched - S. 
vemum, open/white - S. cryophilum. 
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Fig. 3. Numbers (n) of 4 species or 
species-groups of blackflies caught in 
emergence trap B (greenhouse cover- 
ing 6 m of stream length) in 1984, 
summarised by 3-day periods. 
S. vemum-group males: hatched - S. 
vemum, open/white - S. cry@hilum. 
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Fig. 4. Numbers (n) of 4 species or 
species-groups of blackflies caught in 
emergence trap E (greenhouse cover- 
ing 6 m of stream length) in 1984, 
summarised by 3-day periods, 
S, vemum-group males: hatched - 5. 
vernum, open/white - S, cryophilum. 
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Fig. 5. Numbers (n) of 4 species or 
species-groups of blackflies caught in 
emergence trap G (greenhouse cover- 
ing 6 m of stream length) in 1984, 
summarised by 3-day periods. 
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Fig. 6. Numbers (n) of 4 species or 
species-groups of blackflies caught in 
emergence trap A (greenhouse cover- 
ing 6 m of stream length)in 1985, 
summarised by 3-day periods. 
5. vemum-group males: hatched - S. 
vernum, open/white - 5. cryophi lum; 
S. omatum-group  males: open/white 
- S. omatum,  hatched - S. tr i fascia- 
tum 
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Fig. 7. Numbers (n) of 4 species or 
species-groups of blackflies caught in 
emergence trap A (greenhouse cover- 
ing 6 m of stream length) in 1986, 
summarised by 3-day periods. 
S. vemum-group males: hatched - S. 
vemum, open/white - 5. cryophilum. 
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Fig. 8. Numbers (n) of 4 species or 
species-groups of blackflies caught in 
emergence trap A (greenhouse cover- 
ing 6 m of stream length)in 1988, 
calculated for 3-day periods. 
S. vemum-group males: hatched - 5. 
vemum, open/white - S. cryophilum. 
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Fig. 9. Numbers (n) of 4 species or 
species-groups of blackflies caught in 
emergence trap B (greenhouse cover- 
ing 6 m of stream length) in 1988, 
calculated for 3-day periods. 
S. vernurn-group males: hatched - S. 
vernurn, open/white - S. cryophilum; 
5. omaturn-group males: open/white 
- S. ornatum, hatched - 5. trifascia- 
turn. 
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Fig. 10. Numbers (n) of 4 species or 
species-groups of blackflies caught in 
emergence trap E (greenhouse cover- 
ing 6 m of stream length) in 1988, 
calculated for 3-day periods. 
L vemum-group males: hatched - 5. 
vemum, open/white - 5. cryophilum; 
S. omatum-group males: open/white 
- 5. omatum, hatched - S. trifascia- 
turn. 
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Fig. 11. Numbers (n) of 4 species or 
species-groups of blackflies caught in 
emergence trap G (greenhouse cover- 
ing 6 m of stream length) in 1988, 
calculated for 3-day periods. 
S. vemum-group males: hatched - S. 
vernum, open/white - S. cryophilum. 
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ET.A in 1985, 1986 and 1988. On the other hand, the 
abundances of S. cryophilum were very low and lower 
than those of S. vernum in the lower traps C, E, and G. 
Specimen umbers of S. cryophilum in ET.A increased 
by a factor of 18 times from 1984 (91 males) to the fol- 
lowing year 1985 (1628 males). 
• Simulium (Nevermannia) costatum, males 
This species was found in very low numbers (7 males in 
all 1 l trap-years), 5 males in ET.A, and one male each in 
ET.C and ET.G (Table 3). They appeared in April and 
September/October. The capture of 7 females was con- 
sistent with the occurrence of the males but their identi- 
fication was uncertain. 
• S imul ium (Nevermannia)  vernum-group,  females 
and group-totals 
The periods of appearance of the S. vernum-group fe- 
males were consistent with those of the males but more 
drawn out, especially towards October/November (sin- 
gle individuals until December) and the summer gap 
was less pronounced. Young females made up 55 to 62% 
of all young individuals of the S. vernum-group in 1984. 
The sex ratio was almost balanced in the other three 
years except for ET.E 1988 (60% males) and ET.G 1988 
(42% males). In both cases the absolute numbers were 
low (197 and 91 individuals, respectively). Old females 
were captured from April to November, most of them in 
1984. They contributed up to 16% of the total numbers 
of individuals. 
In general, abundance of the S. vernum-group de- 
creased ownstream, especially from ET.B to ET.E. As 
an exception, the numbers in ET.G were higher than 
ET.E in 1984, but vice versa in 1988. Larvae of parasitic 
water mites were found on S. vernum-group imagines 
from the end of July in 1984 and from the beginning of 
July in 1988 until the beginning of November. The pro- 
portion of parasitized males was considerably higher for 
S. vernum (about 14% on average) than for S. cryophilum 
(less than 5%). In addition, the degree of parasitism of 
the S. vernum-group increased markedly from trap A 
(about 1%) to trap G (about 30%) in 1984. 
3.3 5imulium (Simufium) ornatum-group 
The patterns of occurrence of the S. ornatum-group 
adults varied considerably between years and traps 
(Table 3, Figs. 2 to 11). Two species of this group were 
present: S. ornatum and S. trifasciatum. Because the 
numbers of males of S. ornatum were much higher than 
those of S. trifasciatum in 1984, the females of the group 
could be assigned to S. ornatum in this year without 
great error. Only the males of S. trifasciatum are dealt 
with separately below. 
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• S. ornatum 
This species was dominant along the lower 2 km of the 
Breitenbach in 1984 (Tab. 3, e.g. 2493 young individu- 
als and 419 old females in ET.G). This was very proba- 
bly true for 1985 and 1986, too, as derived from data on 
aquatic stages (REIDELBACH 1994). S. ornatum occurred 
from April to November in the traps, with single individ- 
uals from March and late females until December. In all 
the traps in 1984 there was one pronounced peak in 
September and October (Figs. 2 to 5). A considerable 
number of young and old females were trapped in July 
and August 1984 during periods when no or very low 
numbers of males appeared. A small but distinct peak of 
males preceded the main emergence peak, with a tempo- 
ral shift: from the end of July in ET.G (Fig. 5), from mid 
August in ET.E (Fig. 4) and from the end of August in 
ET.B (Fig, 3). In spring, only very low numbers of indi- 
viduals were found in all trap-years from April to May. A 
relatively distinct spring peak occurred only in trap A in 
1985 and 1986 (Figs. 6 and 7). In 1988, overall numbers 
and proportions in the traps B to G were considerably 
lower than in 1984, and the patterns were different 
(Table 3, Figs. 8 to 11). The dominating autumn peak of 
1984 was almost absent. The highest specimen umbers 
in ET.G 1988 were recorded in June and July, and in 
ET.B during July and August (Figs. 9 and 11). In all trap- 
years except for ET.A 1986 (54% males), more young 
females (50.7 to 67.2%) than males were found. An ex- 
ceptionally high number of 419 old females occurred in 
ET.G 1984. Old females made up between 0% (traps A, 
B, E 1988) and 28% (trap A 1986) of all individuals. 
In 1984 and 1988, the total specimen umbers of the 
S. ornatum-group increased ownstream except for low 
numbers in ET.E. Abundance in trap A was low in 1984 
and 1985 (207 and 383 young individuals respectively) 
and very low in 1986 and 1988 (67 and 43 young adults, 
respectively, Table 3). But the temporal patterns were 
similar in these four trap-years (Figs. 2, 6, 7 and 8). 
• S. trifasciatum 
The second species of the S. ornatum-group was rare in 
all trap-years except for trap A 1985, where 113 males 
were found. Most of them appeared in September/Octo- 
ber, with some in August and some in spring (April to 
June, Fig. 6). In 1988, a small but conspicuous peak oc- 
curred from the beginning of July to August, but only in 
trap B (Fig. 9). The capture of low numbers of males in 
the other trap-years inApril and September/October was 
essentially consistent with ET.A 1985. 
S. ornatum-group individuals were parasitized quite 
heavily by larvae of water mites. The portion of adults 
with mites among the young individuals was between 14 
and 63% in traps B to G and tended to increase down- 
stream. In ET.A, the degree of parasitism was low (0 to 
10%) in all four years. 
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3.4 Other taxa 
The following taxa were found in relatively low num- 
bers and proportions (Table 3) and were therefore sum- 
marised as "other taxa" in the illustrations (Figs. 2 to 
11). These bars represent mainly the occurrence of the 
three following species - Simulium lineatum, S. equinum 
and S. erythrocephalum. 
• Simulium (Wilhelmia) spp. 
The two species of this subgenus, S. lineatum and S. 
equinum, were absent in ET.B (1984 and 1988) and rare 
to moderately abundant in the other trap-years. Except 
for ET.A and ET.C 1984 and ET.G 1988, both species 
were present in all the trap-years and S. lineatum was 
considerably more abundant than S. equinum. The latter 
occurred mainly in spring, while S. lineatum was caught 
throughout the warmer half-year. Although single indi- 
viduals of the subgenus could be found from April to 
November, there were two relatively short main periods 
of appearance: April (and May in ET.A) and October. 
Seventy (or 36%) of the 194 individuals from ET.G in 
1984 were caught within a 3-day-period (10-12 Octo- 
ber, Fig. 5). Comparing the traps in 1984, the temporal 
patterns were quite similar: The two species of subgenus 
Wilhelmia ppeared mostly on the same days and togeth- 
er with S. erythrocephalum (see below). 
In 1984, the highest total numbers occurred in ET.A 
and ET.G (52 and 194 individuals, respectively). The 
numbers found in trap A were similar in all four years 
(39 to 76 adults), but without any trend. The numbers of 
trapped individuals in 1988 were high in ET.A (45 speci- 
mens), while the other traps caught only 0 to 7 flies. In 
all trap-years with more than 7 trapped specimens, fe- 
males contributed 52 to 100% of the total numbers. A
few old females appeared in 1984 (20 individuals from 
all traps) and 1986 (12 females from trap A), but only 1 
in 1985 and none in 1988. No larval water mite parasites 
were detected on specimens of the subgenus Wilhelmia. 
• Simulium (Boophthora) erythrocephalum 
The pattern of occurrence of this species in the emergence 
traps clearly resembled that of S. lineatum and S. equinum, 
including the 3-day-peak inET.G, October 1984 (Fig. 5). 
The total specimen umbers of S. erythrocephalum (404) 
were similar to those of the subgenus WilheImia (487). 
They reached 236 individuals in ET.G 1984, medium 
numbers (22-99) occurred in ET.A 1984-1986 and less 
than 5 specimens were found in the remaining trap-years 
(Table 3). During summer (June to September) specimens 
of S. erythrocephalum were rare. The proportion of fe- 
males among all the individuals was 60 to 100%, except 
for ET.G 1984 (only 45%). The numbers of old females 
were on average higher than in the subgenus Wilhelmia 
and peaked with 66 females or 67% in ET.A 1986. 
• Simulium (Simulium) noelleri 
Sixty-nine individuals of S. noelleri were trapped in 
1984, none in 1985 and 1986, and only one female from 
four traps in 1988. Most of the 69 individuals of 1984 
were found in traps E and G, irregularly "scattered" 
from April to November. The majority of the specimens 
(53 individuals or 77% of the total) were old females, 52 
of them with mature ggs. Three out of 16 young speci- 
mens were carrying parasitic water mite larvae. 
• Simulium (Simulium) variegatum-group 
S. argyreatum and S. monticola represent the S. variega- 
turn-group in the Breitenbach. Both species were rare, 
but S. argyreatum was clearly more abundant. Males of 
S. monticola were identified only in 1988, but two fe- 
males found in 1984 were thought to be S. monticoIa. A
total of 51 individuals of S. argyreatum in 1988 contrast- 
ed with a total of only 8 adults in all the trap-years 
1984-1986. The main periods of emergence were April 
to May, July to August, and from the end of September 
to October. One specimen from ET.A 1985 was a gravid 
female. Although the absolute number of individuals 
was low, it can be stated that the level of parasitism by 
water mite larvae was quite high (around 50%). 
• Very rare species 
Six specimens of the S. (Nevermannia) ruficorne-group 
were found in ET.G. Two males were identified as being 
S. (N.) lundstromi and S. (N.) angustitarse. Three young 
and one gravid females of this group were not deter- 
mined to species level. Furthermore, the lowest rap G 
caught 3 individuals of the subgenus EusimuIium. One 
male was S. angustipes, the other one S. aureum. 
4. Discussion 
4.1 "Flying-in" and its quantitative evaluation 
The trap collections are obviously a mixture of au- 
tochthonous specimens emerged under the traps, and of 
adults emerged elsewhere and intruding from the out- 
side. The status of intruders is undoubted for the first 
two groups discussed below, and suggests that similar 
but less clearly demonstrable phenomena occur also 
among resident Breitenbach species (see below, 
step 3-step 5). An estimate of the total contribution to 
the trap catches from outside the traps is attempted in the 
chapter "Total quantity of flying-in" (see below). 
• Step 1: Al lochthonous pecies 
One of the most striking results of this study was the oc- 
currence of about 900 individuals of S. lineatum, S. 
equinum, and S. erythrocephalum in the emergence traps. 
In addition, manual net catches of host-seeking females at 
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different locations along the Breitenbach (upstream of 
ET.E) yielded another 900 individuals of the three species 
(REIDELBACH 1994). The net captures were made on 10 
separate occasions in April and May 1985 to t987 and 
lasted for less than a minute at each location. During five 
years of intensive sampling of the aquatic stages, no eggs, 
larvae or pupae of any of these three species were found 
in the Breitenbach (REIDEEBACH 1994; CI4RISTL 1991). 
Moreover, these species are typical inhabitants of the hy- 
porhithral and potamal zone of large lowland streams and 
rivers (H. ZWICK 1978, 1993), and were therefore xpect- 
ed not to breed in the Breitenbach. They will be termed 
the "potamal species" in the following discussion. 
Together with S. ornatum, the potamal species make 
up the blackfly community of that section of the potamal 
zone of the Fulda river into which the Breitenbach flows 
(H. ZWlCK 1974). They emerge from the Fulda river (and 
possibly its other tributaries nearby) in large numbers, 
and females may congregate while waiting for hosts in 
the spring and most probably feed on cattle grazing in 
the Fulda valley. Host-seeking females and gravid fe- 
males looking for suitable oviposition habitats may fly 
up the Breitenbach valley. Blackflies, especially fe- 
males, are known in general as active and persistent 
fliers (several km to several hundred km (wind assisted), 
e.g. GARMS & WALSH 1988). STAMER (1987) calculated 
flight distances of freshly emerged, unfed adults in the 
laboratory. Females of S. ornatum flew up to 1.8 kin, 
males up to 1.1 km within 120 minutes until their re- 
serves of glycogen were almost exhausted. At that point, 
reserves of fat were only slightly reduced, and females 
flew considerably further, if they were allowed to pause 
for 90 minutes. More than 500 females of the manual net 
samples were caught along the uppermost ection of the 
Breitenbach, 3.5 to 4 km away from the Fulda river. De- 
spite their considerable numbers, the potamal species 
apparently failed to establish larval populations in the 
Breitenbach. One and possibly the main reason for this 
may be the absence of adequate egg-laying substrata s- 
sociated with certain flow patterns (R~HM 1968, 1971, 
1973; SCHLEPPER 1989; TIMM 1988). Males are less ac- 
tive fliers and cover smaller distances which is support- 
ed by the fact that the numbers and proportions of males 
were highest in the lowest rap G and that the proportion 
of males in all manual net catches was only 1.7%. 
All these facts show that specimens of S. lineatum, S. 
equinum and S. erythrocephalum captured in the emer- 
gence traps did not emerge from the stream below the 
traps, but originated from the Fulda river and flew into 
the traps as adults. These flies and certain others dis- 
cussed below will be called "flown-in" individuals or 
the "in-flying" group in the following discussion. 
It is very unlikely that the adults of S. noelIeri 
emerged under the traps. The larvae of this species are 
restricted to a very specialised habitat: They live in lake 
and pond outlets (e.g. DAVIES 1966). Most of the known 
sites are artificial habitats such as fish pond outlets, 
weirs, sluices and spillways, where the larvae and pupae 
settle in dense aggregations in shallow, fast-flowing 
water (e.g.H. ZWICK 1974; ROHM 1975; SCHOTTE 1990; 
TIMM 1987a, c; WOTTON 1992). These habitats exist at 
three locations along the Breitenbach: Pond outlets 
along the upper section, shortly upstream of ET.B and 
near ET.E. The largest ponds near trap E have a common 
spillway that flows into the Breitenbach below trap E. 
Low numbers of larvae were found to drift from the out- 
lets to the spillway and into the Breitenbach where they 
eventually pupated (REIDELBACH 1994). Because black- 
fly larvae do not move large distances upstream under 
favourable flow conditions (WoTTON 1985; KIEL et al. 
1989; REIDELBACH & KIEL 1990; KIEL 2001), they can- 
not be assumed to have reached trap E by looping up- 
stream and pupating there. In addition, average individu- 
al drift distances are small (R~HM & RUPP 1993, REIDEL- 
BACI-I 1994), SO that only single larvae could have 
reached trap G before pupation. Taken together with the 
fact that most of the trapped flies were gravid females, 
all adults ofS. noelleri were classified as "flown-in". To- 
gether with the potamal species, S. noelleri makes up the 
group of "allochthonous species" in terms of the Breit- 
enbach community. The specimen umbers of this group 
are given in Table 4, line 4. 
• Step 2: Old females 
All blood-fed and gravid females must also have flown 
into the traps (Table 4, line 5) because all trapped species 
except for S. noelleri are known or are regarded as obli- 
gate blood feeders. Host mammals or birds were not 
available inside the traps, and blood-feeding on the sam- 
ple collectors was never observed. Moreover, the hard- 
ening of freshly emerged flies, swarm formation, mat- 
ing, host seeking, blood feeding, blood digestion and 
egg maturation take one to several days. There is no evi- 
dence in the literature for parthenogenesis among the 
species considered here. 
The two groups of the emergence trap samples dis- 
cussed in the previous chapter (4 allochthonous species) 
and in this chapter (old females) make up the "apparent- 
ly in-flying" group (Table 4, line 6). 
ROHM (1968), TIMM (1988) and ZWICK • ZWICK 
(1990) described the gravid females of various European 
species flying mostly upstream, just above the water sur- 
face and along the banks, while searching for oviposi- 
tion substrata. By using quantitative methods, ADLER et 
al. (1983) demonstrated that females, with or without 
mature eggs, and males of several North American 
species (mainly S. vittatum-complex) exhibited similar 
flight patterns: The majority flew upstream within a 
range of a few decimetres above the water surface. This 
is exactly the point at which the emergence traps showed 
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their main leaks: damage at the outlet and, probably less 
importantly, the inlet plastic sheets, and at parts of the 
bank on each side of these sheets that had been washed 
away. It is very probable that all or most of the "flown- 
in" individuals had migrated into the traps by passing 
through these leaks. Although the flies could have left 
the traps in the same way (which was possibly true for 
an unknown umber of them), the traps clearly acted 
like weirs. 
In addition to the allochthonous species and old fe- 
males of autochthonous species, even more individuals 
have to be regarded as "flown-in": The considerable 
numbers of young females and males of potamal species 
found in the traps show that he young flies also enter the 
traps. A proportion of the young females and males of 
autochthonous species thus have to be suspected ofhav- 
ing emerged outside the traps and having "flown-in" 
during the different flight activities mentioned above. 
These "suspected in-flying" groups are discussed below. 
• Step 3: Periods of "pure flying-in" 
This is particularly true of females appearing during pe- 
riods when no or only single males were found but when 
there were considerable numbers of young females ac- 
companied by old females. Among the Central European 
species, parthenogenesis i  unknown and complete auto- 
geny is known only in the genus Twinnia, which does 
not occur in the Breitenbach orthe Fulda area (H. ZwIcK 
1974, 1987a). The absence or low proportion of males 
thus showed that these females either did not originate 
from a generation ofgenuine aquatic stages in the Breit- 
enbach or the corresponding emergence period was al- 
ready terminated. Distinct periods with a pronounced 
excess of females could be detected for the S. ornatum- 
group (before the main emergence p ak), the S. vernum- 
group (at the end or shortly after the spring emergence 
period in 1984) and P. tomosvalTi (at the end or shortly 
after the emergence peak). These periods of "pure fly- 
ing-in" were defined separately for the taxa and trap- 
years and all young individuals of the species in question 
were recorded as "flown-in" (Table 4, line 7). 
• Step 4: Female excess in emergence periods 
There were noteworthy differences in the sex ratio be- 
tween species, traps and emergence p riods which is ev- 
idence for the hypothesis that here is no general, geneti- 
cally-fixed eviation from the 1:1 ratio of males to fe- 
males. No well-founded data on the sex ratio of Euro- 
pean blackfly species were found in the literature. This 
is due to the difficulties of rearing blackflies from egg to 
adult without heavy losses, desynchronisation of devel- 
opmental speed, extended emergence periods with pos- 
sible protandry, the difficult and time-consuming sexing 
of larvae, and so on (for details ee REIDELBACH 1994). 
In the Breitenbach trap-years, complete mergence 
peaks can be found in which the "apparently flown-in" 
groups were absent or small. If these periods were evalu- 
ated separately, sex ratios turned out to be close to 1:1 in 
all cases. Taken together with consistent results of KAZ- 
IMIROVA (1981) and BOTSCH & MEYER (pers. comm., 
1988) from streams with a similar blackfly community, 
an even sex ratio can be assumed for the species consid- 
ered here. This leads to the conclusion that the number 
of young females that exceeded the number of males 
must be regarded as "flown-in". Their numbers were 
calculated only outside the "pure flying-in" periods for 
every species or species group separately, and then 
added for each trap-year to give line 8 in Table 4. 
• Step 5: Additional autochthonous young 
"flown-in" individuals 
The finding of many males of allochthonous species and 
excess females of autochthonous species in the traps in- 
dicates that it has to be regarded as very likely that males 
and an additional number of young females of the Breit- 
enbach species have "flown-in". This may have been es- 
pecially important during periods of high emergence b - 
cause the density of adults on the wing and the probabil- 
ity of their reaching the traps by chance would then have 
been high in view of the flight patterns discussed above. 
In contrast to the groups discussed in the previous chap- 
ters (step 1 to step 4), the number of these additional in- 
dividuals can only be estimated: The autochthonous in- 
dividuals have to fly on average a shorter distance to the 
next trap than adults originating from the Fulda river or 
old females. Thus the number of these two groups of 
"apparently flown-ins" from the main emergence peri- 
ods were taken as a minimum estimate of additionally 
"flown-in" young females and males of the au- 
tochthonous species (Table 4, line 9). 
• Total quantity of "flying-in" 
Lines 11 and 12 in Table 4 give the totals of what are 
considered tobe the "in-flying" groups and their propor- 
tions in terms of the respective total trap catches. The 
proportions of "flown-in" individuals were 3 to 41% as 
minimum estimates without any recognizable trends 
along the stream or in time. The considerable variation 
of these proportions was presumably caused by at least 
three factors: 
a) number and size of the leaks under the traps; 
b) weather conditions, flying activity and density of 
adults in the Breitenbach valley; 
c) size of the populations of aquatic stages and their 
emergence success in the Fulda river and the Breitenbach. 
All these factors may change considerably with time 
and space. They may contribute to many of the unex- 
plained short- and long-term changes of emergence trap 
catches (specimen umbers, biomass, production esti- 
mates, sex ratios etc.) from the Breitenbach as well as 
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from other streams (e.g. ILLIES 1971, 1978, 1979, 1982; 
RINSE 1974; HAVELKA 1976; MALICKY 1976; R ZWICK 
1977; SANDROCK 1978; WAGNER 1979, 1980, 1993; 
WAGNER et al. 2000; ADLER et al. 1982; KAZIMfROVA 
1985; JACOB 1986). High or very high proportions of 
"flown-ins" of mainly allochthonous aquatic and terres- 
trial species have already been demonstrated fora num- 
ber of insect groups: Syrphidae (LOHR 1987), Myce- 
tophilidae (GASPERS 1984), Trichoptera (MALICKY 1976; 
WAGNER 1993). The occurrence ofmany individuals and 
species of terrestrial origin (LOHR 1987; CASPERS 1984) 
supports the "trap effect" of the greenhouses, i.e. the 
probability of an insect finding its way in through the 
openings is higher than its finding the way out through 
the same openings, even though these were many times 
larger than the insects. R ZWICK (1990) showed that con- 
siderable numbers of autochthonous Plecoptera emerged 
from downstream sections of the Breitenbach and en- 
tered the upstream traps. It thus has to be assumed that 
"flying-in" contributes conspicuously to the trap catches 
of additional insect groups, especially those that are 
small, abundant and active fliers. 
• Actual  emergence  and b iomass  est imates 
Totals of "flown-ins" were subtracted fi'om the respec- 
tive total trap catches to give figures for "actual" emer- 
gence which are considered to be maximum estimates 
(see above, Table 4, line 13). In 1984, the numbers of ac- 
tual emergence increased ownstream almost linearly 
except for ET.E (Fig. 12). This trap caught very low 
numbers also in 1988 which seems to support hat the 
stream section under and upstream of trap E was un- 
favourable for aquatic stages of blackflies. This finding 
is not consistent with the results on the longitudinal zona- 
tion of other insect groups (ILLIES 1982; R ZWICK 1984) 
and the reasons for it are unknown. The longitudinal 
trend of actual emergence found in 1988 was consistent 
with 1984 for the traps A and B but not for ET.G (Fig. 
12). This may be attributed to the apparently ow num- 
bers of S. ornatum-females invading the Breitenbach val- 
ley in 1988 (see below, chapter "S. ornatum-group"). 
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Based on the specimen umbers of actual emergence 
per trap and year (Table 4, line 13), numbers per metre of 
stream length (line 14) and per m 2 of estimated water 
surface area (line 17) were calculated for comparison 
with figures from the literature. Densities of emerging 
blackflies were found to be between 85 and 608 individ- 
uals/m 2. yr in 1984, 1986 and 1988. The density in 1985 
(trap A) was exceptionally high (1472 adults/m 2. yr). 
These figures are within the lower range of the densitites 
of 93 to 3105 individuals/m 2 •yr reported by WAGNER 
(1980) from trap B in 1969-1973. The latter data were 
not corrected for "flown-ins". SINGH & SMITH (1985) 
caught 720 specimens/m 2 • yr from a heavily shaded 
woodland stream in Ontario. KAZlMIROVA (1981) exam- 
ined two very different streams in Austria over 4 years 
and found 8 to 21 individuals/m 2 •yr in a cold, spring- 
fed, torrential mountain stream (Schreierbach) and 1556 
to 3024 adults/m 2 - yr in a nearby pond outlet stream 
(Teichbach, cf. MALICKY 1976). 
Furthermore, annual biomass of emerging blackflies 
was estimated using the individual dry weights (on aver- 
age 0.33 rag/ind.) calculated from the overall biomass 
data reported by WAGNER (1980) for the Breitenbach 
(Table 4, line 18). KAZlMIROVA (1981) found that he in- 
dividual dry weights of the adults from the Teichbach 
varied greatly between sexes, species, seasons and 
years. She gave average dry weights for specimens of 
Prosimulium spp. (0.877 me/ind.), the S. vernum-group 
(0.303 rag/ind.) and the S. ornatum-group (0.447 
me/ind.). These data were applied to the numbers of ac- 
tual emergence/m R • yr in Table 4 according to the pro- 
portion of the respective species (-groups). The results 
of this calculation (Table 4, line 19) are considerably 
higher than the first estimates (line 16) and are consid- 
ered to be a better approach to the biomass of the Brei- 
tenbach blackfly emergence. All dry weight data given 
here were not corrected for the loss of fat due to ethanol 
preservation (cf. ILLIES 1971, 1983). STAMER (1987) 
measured dry weights of unpreserved a ults of S. orris- 
turn from southern Germany after lyophilization. They 
varied, depending on the season, from 0.55 to 0.99 
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Fig. 12. Total trap captures, estimated 
annual totals of "flying-in" and the 
"actual" emergence (see text and Table 
4) from the different traps (A to G) 
along the lower section of the Breiten- 
bach in 1984 (a) and 1988 (b). 
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mg/ind, for males and 0.75 to 1.35 rag/ind, for females. 
Although the comparability ofthe data is limited, it is in- 
teresting to note that, comparing only data from the 
same season (August o October), dry weights of unpre- 
served specimens (STAMER 1987) were 50% (males) and 
74% (females) higher than dry weights after EtOH- 
preservation (KAzIMfROVA 1981) for S. ornatum. Thus, 
corrected totals of dry weights for the Breitenbach could 
be on average 62% higher than those given in Tab. 4, 
line 19 and 20. 
The annual biomass estimates in Table 4 (line 19:49 
to 762 mg dry weight/m s • yr) turned out to be within the 
range of the long-term results from the Breitenbach (37 
to 988 mg/m 2. yr; ILLIES 1983). 
Corresponding biomass data from the Teichbach were 
within the same range but with lower variation (513 to 
959 mg/m 2 • yr; KAZIMIROVA 1981). Her findings of 6 to 
15 mg/m 2. yr from the Schreierbach were far below this 
range, but nevertheless the very small populations of 5 
species eem to be permanent and stable, at least for the 
4 years examined. B{)TTGER et al. (1987) compared an 
unaffected, shaded lowland stream with an adjacent 
channelized stream running through an open agricultural 
landscape in northern Germany. The calculated biomass 
of emerging blackflies was 117 mg/m 2 • yr at the near- 
natural site and almost 7 times higher (789 mg/m 2. yr) at 
the open site. 
Assuming that the stream sections covered by the 
traps are about representative for the sections up- and 
downstream of each trap, total specimen umbers and 
biomass of the blackflies emerging annually from the 
lower 2 km of the Breitenbach can be estimated for 1984 
and 1988 (Table 4, line 16 and 20). Despite the greatly 
varying numbers from the single traps and years, these 
totals for the stream are amazingly similar for the speci- 
men numbers (1984:555,188 inds.; 1988:487,832 inds.) 
and almost equal for the biomass data (1984:293 g; 
1988:299 g dry weight). This may support he "satura- 
tion rule" (ILLIES 1982), but it must be kept in mind that 
these figures are calculated estimates possibly bearing 
great errors and uncertainties and representing only two 
years. 
4.2 Species composition 
Taking into account the species that fly into the traps, the 
autochthonous blackfly community in the Breitenbach 
consists of the following species: 
a) Well established and abundant: P. tomosvaryi, S. 
vernum, S. cry ophilum; 
b) established (but questionable, chapter "S. ornatum- 
group", see below), varying in abundance: S.ornatum; 
c) established, with low numbers: S. trifasciatum, S. 
argyreatum; 
d) possibly established or temporarily present with 
low or very low numbers: S. costatum, S. monticola. 
In addition, H. ZwlcK (pers. comm.) identified two 
species that were found as pupae in the upper section of 
the Breitenbach: S. (N.) brevidens (RUBTSOV, 1956), S. 
(N.) urbanum DAVIES, 1966. 
HUNTER (1987) found that larvae sampled in the same 
section represented two cytotypes in each of the mor- 
phological species S. vernum (cytotypes XoY0 and XoY1) 
and S. cryophiIum (cytotypes A and B). 
Four species were represented by only one male each 
in all the trap-years examined: S. (N.) lundstromi, S.(N.) 
angustitarse, S. (E.) angustipes, S. (E.) aureum. These 
species may breed in very low numbers temporarily 
and/or persistently in certain sections of the lower Breit- 
enbach or they may originate from adjacent running wa- 
ters, including the Fulda river and its other small tribu- 
taries. Intensive sampling of pupae from the Breitenbach 
is needed to resolve this question. This may be interest- 
ing with respect to temporal variations of species rich- 
ness and their possible patterns, theoretical concepts on 
species richness (e.g. STATZNER & RESH 1993), diversity 
and stability of community composition, resource aVail- 
ability etc. 
The association of the four abundant autochthonous 
species of the Breitenbach is quite typical for small up- 
land and woodland streams and has previously been re- 
ported by numerous authors (GRUNEWALD 1963; KAZ- 
IM~ROV£ 1981; SCI4R~)DER 1987; WIRTZ et al. 1990; SEITZ 
1992; CAR & Moo~ 1993). The rare species also fit the 
Breitenbach abitat. S. cryophilum, S. costatum and S. 
brevidens are normally found in sections of streams that 
are close to springs, whereas S. ornatum is strikingly eu- 
ryoecious. The latter occurs in small undisturbed 
streams without human impact as well as in large pollut- 
ed rivers. 
4.3 Population dynamics of the autochthonous taxa 
• P. tomosvary i  
One short period of emergence per year in spring has 
previously been reported for P. tomosvaryi and other Eu- 
ropean species of Prosimulium by several authors (KNOz 
1965; DAVIES 1966; HALGOS 1972; H. ZWlCK 1974; KAZ- 
IM[ROVA 1981). The life cycle of P. tomosva~Ti is univol- 
tine and starts with oviposition on moist marginal moss- 
es in early summer, followed by an egg-dormancy which 
lasts until autumn or winter (ZWlCK & ZWICK 1990; 
TIMM 1993b). Larvae develop slowly at a well synchro- 
nized rate during winter and pupate in spring (HALGOS 
1972; HALGOS & JEDLI~KA 1973; H. ZWlCK 1974; REI- 
DELBACU 1994). Habitat, distribution, egg and larval de- 
velopment characterize this species as cold stenother- 
mous. Among the abundant species, protandry was most 
distinct in P. tomosvaryi with males appearing about a 
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week earlier than females. HALGOS (1972) observed that 
the proportion of male pupal exuviae markedly de- 
creased uring the emergence period. 
An indistinct shift in the medians of emergence peaks 
to earlier dates from traps A to G was detected in 1984 
and 1988. Assuming that larval growth was accelerated 
by increasing water temperatures and pupation was trig- 
gered by a threshold temperature and/or a thermal con- 
stant, this shift could not be assigned to differences in 
water temperatures between traps in 1984: In trap A 
(nearest to the tributary spring), the water was warmer 
than in all other traps throughout the winter until the end 
of April (JACOB 1986; WAGNER 1986). Even the pro- 
posed threshold temperature for pupation of about 9 °C 
(HALGOS 1972; H. ZW~CK 1974) was exceeded earlier in 
ET.A than in the lower traps. In addition, there was no 
distinct connection between the course of water temper- 
atures and the fact that the emergence peak of P. to- 
mosvaryi in ET.A occurred later in 1985 than in 1984, 
1986 and 1988. But in 1984, 1985 and 1988, the main 
emergence coincided with periods of low or medium 
discharge. In 1986, the discharge was high but declined 
rapidly after a high spate (WAGNER et al. 1994; REIDEL- 
BACH 1994) when emergence began. This could be ex- 
plained as follows: the sessile, well-anchored and co- 
coon-protected pupa can withstand high discharge, flow 
velocity and turbidity during spates. But the emerging 
adult is very vulnerable to such conditions as it has to 
reach the water surface and fly away. It is not known 
whether and how larvae or pupae can slow down their 
development or delay pupation or emergence during a 
spate, which may last for up to several weeks at the Brei- 
tenbach (WAGNER et al. 1994; REIDELBACH 1994). 
Strikingly high numbers of old females and probably 
"flown-in" young females (exceeding the number of 
males) were found in trap A 1986 and 1988. Taken to- 
gether with the early dates of occurrence of old females 
relative to the emergence ofyoung females and the find- 
ings of ADLER et al. (1983) on the upstream flight of 
blackflies, they indicate that a considerable upstream 
flight for oviposition had taken place. This is considered 
to be a compensation for the downstream drift of larvae 
(e.g. M1JLLER 1973, 1982). Similar findings on upstream 
flight of several species of Plecoptera inhabiting the 
Breitenbach were reported by R ZW~CK (1990). 
• S .  vernum-group 
The temporal emergence patterns of S. vernum and S. 
cryophilum were found to be quite similar in the lower 
two km of the Breitenbach. Although the pattern of the 
spring emergence differed markedly from year to year, 
the two broad main periods of emergence in spring and 
autumn probably represent two poorly synchronized 
generations. This is supported by data on the growth and 
phenology of larvae and pupae in the Breitenbach (REI- 
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DELBACH 1994). The specimen umbers of S. c~yophilum 
were higher than those of S. vernum in traps A and B in 
most of the trap-years, but in traps C, E, and G, S. 
cryophilum was almost absent. This is consistent with the 
results ofH. ZWICK (1974), GLATTHAAR (1978), WIRTZ et 
al. (1990), BROCK ~; SCHLEPPER (1993), CAR & MOOG 
(1993), VIN~ON & CLERGUE-GAZEAU (1993), WERNER & 
SCHUMANN (1993), who reported S. cryophilum to be re- 
stricted to small, cold spring brooks. S. vernum is often 
found in this habitat, too, but seems to have a broader 
range of spring distances and water temperatures. Adults 
of S. cryophilum emerging in January and February indi- 
cate that the larvae and pupae of this species are able to 
complete their development a  rather low water tempera- 
tures (mainly below 7 °C; JACOB 1986; R ZWICK 1991; 
and our own data). No obvious explanation could be 
found for the striking increase in specimen umbers of 
both species from 1984 to 1985 in ET.A. Females of S. 
vernum drop their eggs whilst flying just above the water 
surface. The eggs may land in the sediment and/or drift 
away (IMHOF & SMITH 1979; TIMM 1993a). This mode of 
oviposition can be assumed for S. cryophilum too. The 
long-lasting spate in May and June 1984 (WAGNER et al. 
1994; REIDELBACN 1994) may have hindered emergence 
and swept away, together with fine sediments, many of 
the eggs dropped by the females of the spring emergence. 
It may thus have caused a summer generation and au- 
tumn emergence with low abundance. Favourable condi- 
tions during the following winter and summer may have 
enabled specimen umbers to recover to about their 
"normal" levels. 
The conspicuous gap in emergences from the end of 
March to April 1986 (compared to 1985 and 1988) fits 
almost perfectly with a period of extremely high values 
of discharge during a spring spate (more than 300 l/s, 
WAGNER et al. 1994, cf. the chapter on P. tomosvaryi ).
TIMM (1993a) found only one generation per year for 
S. vernum in a German lowland stream, with egg dor- 
mancy during summer, larval development over winter 
and emergence in April/May. Based on the results 
gained from emergence traps (similar to those used in 
the present study) installed over a pond outlet stream 
(Teichbach) in Austria, KAZIM[ROVA (1985) suggested 4 
to 5 generations per year for S. vernum. She assumed 
that overwintering larvae led to early spring emergence 
(March to April) and that overwintering eggs led to late 
spring emergence (April to June). In accordance with the 
results in this paper, KAZIM[ROV~, (1981, 1985) found 
that the numbers and emergence patterns of S. vernum 
varied greatly between the years examined 
(1975-1979). The overall pattern of 1975 from the 
Teichbach closely resembled that of trap A 1985 from 
the Breitenbach. The different life cycles and emergence 
patterns could be caused by the ecological plasticity and 
adaptability of the species or by different cytotypes in- 
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habiting the different streams, which cannot be recog- 
nised by morphological means. 
Specimen umbers of the rare species of this group, S. 
costatum, were too low for an interpretation f life histo- 
ry, distribution or the influence of abiotic factors. This 
species is considered by many authors (DAVIES 1966; 
WIRTZ et al. 1990; SEITz 1992; BROCK & SCHLEPPER 
1993; VINgON & CLERGUE-GAZEAU 1993) tO be a cold 
stenothermous, crenal species, which is confirmed by the 
appearance of most individuals in trap A in the present 
study. GUMBEL (1976) operated an emergence trap at the 
tributary spring (several metres upstream of trap A) and 
found no blackflies except for 3 females of S. costatum. 
But this species has also been found at greater distances 
from springs and is reported to have 2 or 3 generations per 
year (KNOz 1965; H. ZW~CK 1974; CAR & MOOG 1993). 
• S .  ornatum-group 
S. ornatum is among the most widespread and abundant 
species of blackflies in Central Europe. It is considered 
to be a species-complex (CROSSICeY & HOWARD 1997), is 
found in a variety of habitats from spring brooks to large 
rivers, and is rather tolerant of organic pollution (e.g.H. 
ZW~CK 1974; W~CnARD 1976; PROOEL 1986; TIMM 
1987b; WIRTZ et al. 1990; SEITZ 1992). Two to four gen- 
erations per year were recorded. 
Patterns of appearance atthe Breitenbach were intri- 
cate and differed markedly from year to year. In 1984 
they were dominated by the pronounced autumn peaks 
in traps B to G, which were much smaller in 1988. Low 
specimen umbers occurred in trap A, and emergence 
periods in spring and autumn 1985, 1986 and 1988 
equalled each other in size. These patterns are explained 
in the following sections. 
Many young and old females, but no or only single 
males, were trapped from June to July 1984 and from 
May to July 1988. Furthermore, no mature larvae or 
pupae of the S. ornatum-group could be found in the 
stream during that period in 1984 or shortly before it 
(REIDELBACtt 1994). This indicates that these females 
did not originate from an autochthonous Breitenbach 
population. It is highly probable that they emerged from 
the Fulda river (where S. ornatum was recorded by H. 
ZWICK 1974), flew up the Breitenbach valley and en- 
tered the traps as discussed under chapter 4.1. This is 
supported by the fact that in most cases strikingly high 
numbers of young females occurred on the same days as 
high numbers of old females. Apparently these were 
days or short periods when the weather conditions (air 
temperature, humidity, wind etc.) were favourable for 
mass flight activity. These conditions may change rapid- 
ly, which explains some of the pronounced aily 
changes in the numbers of trapped individuals. 
Females of the Fulda population were able to oviposit 
on leaves trailing along the banks of the Breitenbach. 
From these egg masses originated alarge larval popula- 
tion and the autumnal emergence in 1984 (RHDELBACH 
1994). It is clear that only low numbers of Fulda females 
flew as far up as trap A and oviposited near or upstream 
of this trap (Figs. 4 to 7), especially in 1986 and 1988. 
Dense larval populations of the S. ornatum-group 
were also recorded below trap B in the summers of 1985 
to 1987 (REIDELBACH 1994). Interestingly, the S. orna- 
turn specimens collected uring the very first year of 
emergence sampling at the Breitenbach (1969, ET.B; 
see ILLmS 1971) showed the same pattern of appearance 
as in 1984, with high numbers of females but low num- 
bers of males in July and August. These data indicate 
that the massive invasion from the Fulda river took 
place regularly. 
In 1984 a small peak of males and young females was 
found from the end of July to the end of August in ET.G 
and later in traps E and B. It took place just between the 
early "flown-in" females in July and the large autumn 
peak. From data on oviposition and larval development 
(REIDELBACH 1994) and the estimated duration of a com- 
plete reproductive cycle, it is concluded that this small 
peak represents a summer generation autochthonous to 
the Breitenbach: the time between the "flown-in" peak 
and the summer peak (July - August) as well as that be- 
tween the latter and the autumnal peak (about 30 to 60 
days) was too short for completing a whole reproductive 
cycle from adult o adult. With the range of water temper- 
atures at ET.B in August and September (8-13 °C, JACOB 
1986, and own data), egg development of S. ornatum 
takes about 12 days (TIMM 1987b), larval growth takes 
40 to 80 days (ScnRODER 1981) and pupal development 
lasts for 12 days (PRr2OEL 1986). These figures do not in- 
clude the time necessary for the activities of the adult 
stage such as mating, host seeking, feeding, blood diges- 
tion, egg maturation and finding an oviposition site. 
The small summer cohort descends from the overwin- 
tering larval population emerging in spring. This is sup- 
ported by the fact that a proportion of young females in 
this small peak was parasitized by larvae of water mites. 
The latter were never found on young or old females that 
had clearly emerged from the Fulda river. The temporal 
shift of the low summer emergence from the beginning 
of August in ET.G to the beginning of September in 
ET.B is probably caused by the temperature gime in 
the Breitenbach (the decreasing distance from the tribu- 
tary spring). In ET.A 1984 the early summer cohort and 
the immigrant larval group possibly emerged within the 
same peak in October, which again occurred later than in 
ET.B. But it can not be excluded that the autumn peak in 
trap A consisted almost exclusively of the immigrant 
group and that the early summer cohort was nearly ab- 
sent. The latter may be caused by the very low spring 
emergence and/or unfavourable conditions for aquatic 
stages of S. ornatum in the stream section of trap A. No 
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water mite parasites were found on individuals of the S. 
ornatum-group from trap A because the abundance of 
water mites in that section of the stream is generally low 
(ULLRICH 1976; CHRISTL 1991; REDELBACn 1994). 
A group of apparently "flown-in" young and old fe- 
males was also detected in 1988, but only in trap G, with 
low numbers and about 4 weeks earlier (May to mid 
June) than in 1984. These presumed Fulda females were 
obviously not able to establish aconsiderable larval co- 
hort in the lowest section of the Breitenbach which could 
have led to an emergence p ak in September/October in 
ET.G. Distinct September/October p aks occurred in 
traps E and B in 1988, which are thought to have origi- 
nated from ovipositing Fulda females. In contrast to 
1984-1986, it seems that immigrating females from the 
Fulda river oviposited in 1988 predominantly in the sec- 
tion of traps B and E, but less upstream of ET.G. This 
could have been a matter of the varying availability of 
egg-laying substrata, whereas the differing numbers of 
"flown-in" females between traps may well be explained 
by the varying size of the leaks in the individual traps. 
In summary, it can be concluded that two small con- 
secutive generations ofS. ornatum, with emergence in 
spring and July/August occurred in the Breitenbach. The 
summer generation overlaps with a group of individuals 
varying greatly in number, which originates from fe- 
males emerging from the Fulda river and ovipositing 
along the Breitenbach. This cohort leads to emergence 
from the Breitenbach in September/October. This gener- 
al temporal pattern was evident in the 5 years 1969 (IL- 
LIES 1971), 1984-1986 and 1988. The extent of, and 
great variation in, immigration and allochthonous ovipo- 
sition may depend on changing population sizes and gen- 
eration umbers in the Fulda river as well as on discharge 
and oviposition substratum availability in the Breiten- 
bach or on weather and feeding conditions during the ter- 
restrial adult phase. It is not known whether S. ornatum 
would disappear f om the Breitenbach if the annual re- 
plenishment from the Fulda river ceased. The low num- 
bers of S. ornatum in 1988 and the pattern in trap A may 
give an indication of such a relationship. It is possible 
that he spring emergence onsists exclusively of descen- 
dants of the late adults that emerge in September/Octo- 
ber. This seems plausible because larvae descending 
from the small summer emergence in July and August 
would have to live for 8 to 9 month through winter (dor- 
mancy of eggs or larvae is unknown for S. ornatum). 
The second species of the S, ornatum-group, S. trifas- 
ciatum, is also widespread, but less abundant than S. or- 
nature. Up to now, no consistent ecological differences 
between the two species have been found and they occur 
together in many habitats. S. trifasciatum seems to be 
less tolerant of pollution and is not found in larger 
streams and rivers (H. ZWICK 1974; WIRTZ et al. 1990; 
SHTZ 1992; BROCK & SCHLEPPER 1993). According to 
JEDLI~KA (1978a), S. trifasciatum prefers treams with a 
stony bed which is frequently found in the Breitenbach, 
especially in the upper section. 
The numbers of males of S. trifasciatum from the 
Breitenbach varied in an irregular manner: the species 
was rare in 1984 (4 males), relatively abundant in 1985 
(ET.A: 113 males), absent in 1986 (ET.A) and moderate- 
ly frequent in 1988 (41 males). Moreover, the proportion 
of S. trifasciatum within the S. ornatum-group varied 
from 0 to 56% (ET.A 1985). No observed abiotic factor 
could be correlated with these changes. There is no con- 
sistent evidence that S. trifasciatum ay be displaced by 
high numbers or may benefit from low numbers of S. or- 
nature as in 1988. In 1985, the highest numbers of S. tri- 
fasciatum occurred, but S. ornatum was about as abun- 
dant as in 1984 (REIDELBACH 1994) and the S. vernum- 
group was present in very high numbers (Fig. 6). The 
temporal patterns of emergence ofS. trifasciatum were 
similar to those of S. ornatum (except for the immigrated 
group), i.e. there were probably two generations per 
year. This is in accordance with the results of H. ZWICK 
(1974) and SEITZ (1992), but KAZ~M[ROVA (1981) found 
three generations per year. 
• S .  variegatum-group 
The two species of this group identified from the Brei- 
tenbach, S.argyreatum and S. monticola, are often found 
together in cold, fast-flowing mountain streams. Two or 
three generations per year have been reported (KNOz 
1965; H. ZW~CK 1974; V~NCON & CLERGUE-GAZEAU 
1988, 1993; SEITZ 1992).Very little is known about eco- 
logical differences between the two species. S. montico- 
la is not known from Britain and seems to prefer higher 
altitudes or smaller streams than S. argyreatum. The 
Breitenbach is within the range of typical habitats for S. 
monticola nd S. argyreatum, but the potamal section of 
the Fulda river is not (H. ZWICK 1974). Despite their 
very low numbers in the traps, these two species are au- 
tochthonous to the Breitenbach, because larvae and 
pupae were found in the stream (H. Zw~cI¢, pers. 
comm.). The adults cannot be found regularly in the 
traps, but this may be a problem of sampling methods 
and identification. Data suggest that here are two gener- 
ations per year for both species, adults emerging in 
April/May and July/August, or even as late as October. 
4.4 Ecological separation of the 
autochthonous species 
All blackfly-species in the Breitenbach contribute to the 
spring emergence in April and May and most of them 
have a second emergence period in late summer and au- 
tumn (August o October). The only distinct emporal 
separation is the univoltinism of P. tomosvaryi, without 
autumn emergence and with egg dormancy during the 
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summer. The varying degree of synchronization of 
emergence among the abundant species (high in P. to- 
mosvaryi, medium in S. ornatum, low in S. vernum, very 
low in S. cryophilum) provides only a partial temporal 
difference between them. But the considerable numbers 
of adults of S. cryophilum occurring during winter 
(November to March) in some years cannot be assumed 
to reproduce due to low air temperatures, low flight ac- 
tivity, lack of hosts or mating partners, etc. 
In addition, spatial overlap of the species is complete 
along the two kilometres of the stream under considera- 
tion. The four abundant species can be found in all four 
traps A to G, however, in different proportions. The 
abundance of the S. vernum-group declines towards the 
mouth, whereas that of S. ornatum decreases upstream. 
In the case of the S. vernum-group, this gradient proba- 
bly indicates a preference for low water temperatures 
and/or small streams. The gradient of S. ornatum may be 
caused predominantly by the distance from the Fulda 
river and the flight activity of gravid females. 
Within our limited knowledge, P. tomosvaryi, the S. 
ornatum-group and the S. vernum-group differ in their 
oviposition substrata nd behaviours but adequate con- 
ditions for all five species eem to be present along the 
entire length of the Breitenbach. Together with the fact 
that the larvae and pupae of all species can be found to- 
gether on the same substrata, the larvae feed on the same 
nutritional resource (FPOM) and potential hosts for 
blood-feeding adults are available along the whole val- 
ley, there is no clear evidence for ecological separation 
of the blackfly species in the Breitenbach. 
The data in the present paper and from the literature 
suggest that there may be differences in life cycle strate- 
gies among the abundant species: P. tomosvaryi has a 
relatively rigid life cycle adapted to low temperatures, 
with well-synchronized larval growth (HaLOOS 1972; 
REIDELBACH 1994) and fixed egg dormancy. This is in- 
terpreted as an avoidance of high summer temperatures 
(with higher activities of predators, higher densities of 
competitors etc.) and parasitism by water mite larvae, 
which do not occur before July. The S. vernum-group 
seems to react opportunistically to varying conditions 
with greatly differing specimen numbers, extended 
growth and emergence periods, and even varying num- 
bers of generations which is interpreted as risk-spread- 
ing. S. ornatum apparently benefits from summer condi- 
tions (higher temperatures, a plentiful supply of oviposi- 
tion and colonization substrata) by fast growth rates and 
seems to have a high potential for distribution to new 
and quite different habitats. 
Together with the unpredictable impact of singular 
and catastrophic events in an unstable nvironment (e.g. 
floods, droughts), the different life cycle strategies may 
facilitate the long-term coexistence of species more than 
do the temporal and spatial "mechanisms" for the reduc- 
tion of competition. On the other hand, such connections 
are likely to cause repeated changes of abundance and 
population size or even the temporal absence of a 
species from an individual habitat. 
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